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ABSTRACT:
AC Whetlerite Ageing:

' Further work was done on the revers{ble ageing commented on previously.

‘ CK 1ife on a sample of ASC plant Whetlerite at 80-80 and & cm. bed depth wvas
237 minutes. After ugeing at 80%X R (room temperature equilibration) and
80°C, for 24 hours, the CK 1ife at 80«80 wag 56 min., Drying this material
at 105°C. and 150°C. for 3 houra gave 154 minute 1{fe in emch case. Moving
air at 28% RH over the “hetlerite for 18 hours at room temperature and
re-equilibrating at 80X RH gave a 1i{fe of 129 minutis. Thus very little
activation energy {s nseded for reversing the state of the Whetlerite and
one vould guess we are dealing with & physicel change. The amount of water
present {s essentially the same {n 11l cases before tasting. A simple
redistridbution of the copper chromate would be one apnswer. Even long equili-
bration at 80% RH where no water evaporation can occur leads to s slow rise
in CK life. (Aged 1ifs 37 min. equilibrated 24 hours at 80% RH LO min.,

S0 hrs. LS min., and 120 hre, S1 ain.)

As the Whetlerite CK 1ife i{s further mged by longer treatment at 80°C.
CK life s reduced tc that of =aw carbon. On drying, CK lives are consider-
ably higher but sti{ll ars reduced proportionai to the timu of ageing.

CO, has a considerable affact on CK life even at room temperature, The
effect of CO, on ageing at 80°C. is considersble and more of vhat we might
tera "permanent® ageing results. We have not run chromate analysis on these
yet, but it can Dde presumed that mors reductien ocourred.

Mustard:

A vide variety of presdsorption: were made on CWS carbon befors mustard
sorption. Minersl oil, cresols, and Drifilm all gave increased degsorption

<! mustard. M<S5 ofntment absorbed on CWS carbon from mcatone gave & consider-
gble increase in desorption. It {s, of course, possible (a3 usual) that the
oxidiseble S used for analysis might be something other than mustard,
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Attempted high temperatire sulfonation of CWS carbuns at 150, 200, 250 and
300°C. gave results showing little decrease in initial desorption rates but
considerably reduced rates later for 200 and 250°C, sulforations. These
may be interesting enough to check further.

Ve found that we could get total chlorides by oxidation of- the wvhole camples,
and the mustard content on both carbons and {on exchange resins was checked.
It was found {n the latter case that only sbout 10X of the weight increase
vas mustard. These materials still show low desorption rates but the initial
"H* concentration {s too low to make them of any {nterest.

Chlorination at LOOC. had little effect on desorption and the use of pre-
activated carbon after sulfommtion gave very poor results., It was hoped
that since this materinl has falrly high surface area and considerable
hydrogan that {t would sulfommte.

Dowex Ion Exehange Resin No. 50-x8 picked up more "H® and it had more
desorption than IR-120. Theide can not be compirsd on {nitiml ¥YH® cencentraticns
since we only have chloride analysis on the latter.

A method of analysis for "H" in solution by DB3 was worked out. The concene
tration in owr water desorption experiments never is high enough for mccurate
anmalysis. A hydrolysis curve was made. The results were very questionable
below roughly 10 ng./1,

Caloulations were made to show the maximum "H¥ conventration obtainable for
the consecutive reactions of desorption and hydrolysis. It was assumed that
both reactions were first order. If the {nitial concentration of "H" {s
taken as that desorbed at very long times, a rsasomable first order curve
resulted, For most of the systams where frem 10 to 30 grams of H/100 g.

of C wvere adsorbed, the meximum concentration of "H* wuuld be around 3 ng./l.
using 1 g. C/200 g. of H,0 and this would be reached in about LO minutes.

For very high lemdings, ‘H" concentration would get to 100 mg./1.

COMCLUSICES:

1. The reversible ageing of ASC Whetlerite is a process of lov activation
energy and is probably physical rather than chemical.

2. Carbon diox{de, even at room temperature, has a considerable affect on
CK iife. Ageing, us miready noted, {s considerabiy higher in & CO,
atmosphers and though there is reversibility on drying, recovery showe
more "permaneht® ageing results,

3. So~called reversible ageing {s more or lese proportional to permanent
ageing.

L. ¥o gocd solutions are as yet mpparent for the prevention of mustard
desorption from CWS carbon by water.

5. Most additives to the carbon {ncrease desorption., Chemiczl treatzents -
with H, or acids w!ll decreasse the rate but not sufficiently to be of
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Wwrs:

The very large effect of drying after ageing was further investigated. For
the wvant of better terns we have called the loss i{n CK 1{fe which i{s restored
by drying, "reversible ageing" and the rest "psrmanent ing®. It {8 desire
sble to understand the "reversible ageing" since {t is, (1) the largest effect,
and (2) though easily restored in & kitchen oven or the like, {t may otherwise
be the hardest to counteract. At any rats, fustors that {nfluwence one form
my not influsnce the other,

The following tests were sade to determine how easily reversible ageing can
be reversed by room temperature drying with pert{ally humid air, vhat effect
water soluble componsnts may have on thae ageing, and what effect vary cevere
continued ageing has,

" The following tables show the results,

In additicn, s scaewhat similar series was run {n vhich equilibration xt 80% R¥
vas sede with CO,, part of this material sged, part redried and CK teats made
on all three materials.

Plant ASC Whetlerite wvag used in all these cases.

All the data {s summariged in Table VIII, Weights are shown hers and this
shovs that reversible ageing {3 not due to vater content.

SJARE L
EFFECT OF TEMPERATURE OF DRYING AGED SAMPLES

A sample of plant production ASC vas equilibrated and aged for
24 hours =t 80°. The sample was spiit and dr{ed under var{ouws
conditions and then re<equilibrated,

CH Life

CK Life in Minutes of 6 cm. Bed Depth ain,
Initial Life 237
Aged 24 hours at 80° 56
Ag;d 2 hows at 80° and partially dried in a
23% 1M air stress for 18 hours at room temp. 129
Aged 2l hours at 80°, dried 3 hours at 105°
and re-squilibrated 154
Aged 2L hours at 80°, dried 3 nours at 150°
and re-equilibrated : 154 -~
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. TABLE 11
EFFECT OF LENGTH OF AGEING TIME UPON RECOVERY OF CK L'FE AFTER REDRYING

Samples of plant production ASC were equilibrated und aged at
80° for variows lengths of time. The samples were then split
and ore-tmlf of each was dried for 3 hours at 150° and then
re-equilibrated, :

CK Life in Minutes for 6 cm. Bed Depth

CK Life - Minutes
Redried & Re~Equil.

Initial 237 -

Aged 80° for 2, hours 56 15k

Aged B0°® for 48 hours 18 103

Aged 80° for 120 hours 17 T4
TABLE 111

EXPOSURE TO 80% RH AIR AFTER AGEING

A sample of plant production ASC was equilibrated at 850X RH
and then aged 2L hours at 80°. After mgeing, the sample vas
replaced on squilibrator and 80% RM air passed through for

varying times.

CK Life

CK Life in Xinutes for 6 cm., Bed Depth ain.
Aged 2l hours at 80° 36,6
Aged 24 hours at 80°, replaced on equilibrator for Lo.2
24 hours
Aged 2 hours st 80°, replacsd on 2quilibrator for Ls.0
S0 hours
Aged 2l hours at B80¢, replaced on equilibrator for
50.5

120 hours
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SARE IV

WITH WA REDRIED
A sample of plant production ASC was wvashed with two liters water
over a period of three hours, (Approximately 10% of the CrOs was
vashed off). Sample was dried three hours at 150°and equilibrated.

CK Life - Minutes

Umemshed inshed
Initial 237 163
Aged 24 hours at 80° 37 12

SARL YV,
EQUILIBRATION AND AGEING IN CO,

A semple of plant production ASC wag equilibrated at 80% RH
{n a CO, atmosphere. The aged sample wes sealed vhile on the
equilibrator and placed {n the oven.

CK Lifc in Minutes of & cm, Bed Depth

CK Life « Minutes

Equilibrated with

80% RH Alr 80% RH CO,
Initial Life | 237 14k
Aged 2L hours at 80° g6 19
Aged 2l hours at 80°, redried 3 hours
at 150°, re~equilibrated 154 117
TABLE VI

MISCELLANEOUS TESTS

A sample of plant production ASC was soaked {n 12% chromic acid for
30 minutes, drained and dried for 3 hours et 150°, Sample was
equilibrated at 80% RH.

CK Life - Minutes

Inftial Life 6 om, depth 253
Aged 2. hours at 80° : 33

A saxple of plant ASC was equilibrated at 97% RH and tested at 97%,
Initial Life L ca,
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TABLE VII
CK_TUBE TESTS

e

Vi

The following tube tests were run at L.00 mg. CK per liter, 1.55 liters per ninute.
A1l tests run at 80-80 R except where notedy

ube cross-section equals 2.77 sq. ca.
K1l tests were run on plant production ASC.

Equilibrated {n CO,
Initial
Aged 24 hours at 80° ‘
Aged 2, hours at 80°, Redried 150°,
and Reeequilibrated in air,

‘Aged 80° for 2l hours
Aged 80° for L8 hours
Aged 80° for 120 hours

Aged 80° for L8 hours, dried 150°, Reesquil.
Aged 80°® for 12C hours, dried 150°,Re-squil.

Aged 80° for 24 hours placed in 80% R
air streaa for, 2l hours

50 hours

120 hours

Aged 80° for 24 hours dried at room . in
28% RH alir stream then re-equil., to 80¢

Equil, 97% RH tested 97% RH
Initial
Initial

Dipped {n 12% chromic acld, dried 150°,
Equili{brated Initial
: Aged 24 hours at 80°

Aged 2l hours st 80°, dried 3 hours 105°
re=equilibrated

Aged 2 hours at 30°, dried 3 howrs 150°
Re-equilibrated

Equil 80% Initial Life

Aged 80° for 24 hours

Sample vashed with 2 liters water
Approx. 10% of the Cr removed, dried, equil.
Aged 2 hours at 80°

é
.

hAy

A I

rg. CK Net
Bed Equil, Corrected par Gram Weight
Depth Weight Life ng. Equil. Change
cm. _d. ain, K Weight | T
6  11.2506 L.l 899 79.6  « 225.3
6 11,2609 18.6 116 10.3 -
6 1102070 11605 727 6&19 - 66.0
6 11.1504 36.6 228 2L.5 + 113.8
6 11,2697 18.1 113 10.0 -
6 10.8330 16.7 10L 9.6 -
6 11.1539  102.7 641 57.5 - IS.1
6 11.1602 73.6 Ls9 Li.1 - 115.7
€ 11.3452 Lo.2 251 22.1 - A4, 8
6 11.2108 l5.0 280 25.0 - 59.7
€ 11.3703 £0.6 316 27.8 - 135.8
A 11,2802  129.2 807 7.6 - 110.6
L 7.8200 88.3 551 70.5 - £7.7
6 11.519) 216,11 1348 117.0 e 31,04
6 12.4351 283.4 1581 127.1 + S7.0
3 12.4763 32.0 203 16.3 + L0.&
6 11-281; 153-“ 9;8 8&.9 - 82.8
3 11,3411 154.0 941 8k.7 - Q1.5
& 11.138L4  237.0 1479 121.8 + UiS.8
6 11.1888 855 347 31.0 + 101.%
6 11.5128 143,%4 1020 88.4 - 95,3
& 11.2358 12,0 [ £.7 -
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Mustard: '
Procedure;

A.

Ixeatment of CWS Carbon befors Adgorption of Mustard:

1, CWS carbon was dipped {n 20% oleum soluticn and heated to temperstures
of 150°C., 200°C., 250°C., 260°C., and 300°C. Sawples were then drowned
in ice, filtered, and dried overnight {n forced draft oven at 150°C,

2. Samples of CwS cuboﬁ were placed in a vertical tubular furnace uat a
temperature of LOO'C. and C1, passed over it for 3 hours at 1 1./min.
fiow rate.

3. Samples of activator feedstock (devolatflized coml before metivating)
vers dipped in solutions of olsum and chlorosulfonic acid, heated to
150°C. for 30 minutes, drowned, filtered and dried at 150°C. overnight.

L. Sumples of CWS carbon were dipped in solutions of M-S ointment {n
acetone and then air dried,

S. Samples of CWS carbon were dipped in Drifilm (General Electric) and
then dried in forced draft oven overnight at 105°C.

Imp_cgt of Other Adsorbents before Adgorption of Mustard:

1. Dow Resin Ho. 50=x8 was dried {n oven overnight at 105°C, snd then
' tightly bottied prior to sustard adsorption,

2. Linde's Molecuiar Sieves Type SA wais also dried overnight at 105°C.
prior to use with mustard,

3. A sample of Resin IR-120 wvas dipped {n NaCl solution and dried prior
to adgorption of mustard,

Adsorption of Mustard Various 1K

1. The same procedure wvas init{ated as reported, {.e., samples were plssed
in desiccator over s pool of mustard and the desfccator evacumted by e
water aspirator, The amount of mustard adsorbed was detsrmined by
periodic weighing.

2. A desiccator filled with silica gel and evacumted by means of an oil
vacuur pusp vas used {n order to prevent ths adsorption of water by
the samples,

_ Use of the DB3 Method for Dstermination of Mustard {n Agqueous Solution:

A ssmple of CWS carbon which had adsorbed a known amoun: of mustard was
placed in LOC ml. of water and agitated. Samples werc taken at measured
intervals ani the total mustard determined by coulometric titration snd
by a revised procedure using DB3 resgent. The procedurs wvae as follows:

1. 3 ml. standard or sample mixed, heated in bofling \mtc{r
S ml. DB3 reagent for 5 minutes and then coolec
3mi., HyO oo . e 7

i

HitT
N |

Agin conl water foy 2.3 minutes.
AL
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2. Add 1 ml. acetons and i =i, piperidins and nix.

3. Read at 575 max. on spectrophotcmeter against distilled water.

L. Run blank wsing 1 ml. phthalate instead of smmple. |

A hydrolysis curve for mustard was determined by DB3 method by preparing

& known standard of mustard in acetone and diluting to 1000 ml. Samples
were then taken at messured {ntervals and the above DB3 method followed,

Determination of Mustard Content by Chloride and Sulfur Apalysis:

Samples of resing and carbons vhich were thought to have a known amount
of mustard adsorbed (determined by weight pickeup) were analysed for
Cl and S content,

_DESORPTION OF MUSTARD FROM CARBON
(Dipped In 20X Olewm at 150°C.)

CWS Carbon - 2,006l g.
Mustard - 0.L6LS g. HL = 23.2

Sample Time H" Desorbed "H¥ Degorbed

Mo, fiin, g, wt. g
1 30 49,2 10.6
2 60 60.0 12.9
3 90 6719 14.6
4 120 74.2 16.0
5 150 76.1 16.4
6 180 75.1 16.1
7 260 78.8 i7.0
8 280 79.8 17.2
9 3Lo 81.2 17.5
10 LOO 96.7 20.8
11 460 92.3 19.8
12 L50 93.2 20.1
13 1155 126.4 27.2
14 1480 129, 26.9
15 1510 125.3 27.0
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TARLE IX

_DESORPTION OF MUSTARD FROM CAREON

(Dipped in 20% Olewm at 150°C.)

CWS Carbon - 2,0152 g.

Mustard - 0.63)2 g. H/C « 31.5

Tine "H" Degorbed ¥H" Deasorbed

Min, —.ma. Wt, %
30 38.92 6,13
90 70.2 11.1
120 76.2 12,1
180 89.6 14.1
40 9.8 15.8

1200 155.1 2L4.S

1260 165.4 26.1

1320 161.1 5.4

TARLE X

DESORPTION OF MUSTARD FROM CARBON

(Dipped f{n 20% Olewm and Held at 150°C.)

Carbon ‘ - 1.686 g.
Wt, addition due < 0.328 g.
to sulfomation
Mustard - 0.6921 g. HAC = L1.2
Time WH" Desgorbed ¥H" Desorbed
Min, ng. W, %
30 66.4 9.6
90 86.3 12,5
120 $7.3 14.0
150 98.9 14.3
210 108.5 15.7
270 113, 17!
330 119.4 17.2
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. JARE XI
~ESORPTION OF MUSTARD FROM CARBCY
(Cardon Dipped in 20% Olewm at 200°C.)

Carbon - 1.718 g. '
Mustard - 0.4l23 g. HE = 25.8
Wt. addition dw - 0.307 g.

to sulfomation

Sample Tine ¥H* Degorbed "H* Desorbed
RO, Min. Bg. Nt X
i k& 11,9 2.7
2 50 12.8 2.9
3 8o 15.4 3.5
L 110 1€.0 3.6
5 140 18.1 b.1
6 170 13.0 L.3
7 200 2.7 L.9
8 260 35.3 8.0
9 290 33.5 7.6

10 350 32.9 7.5
TARE XII
DESORPTION OF MUSTARD FROM CARBON
(Carbon Dippsd {n 201 Oleu= at 250°C.)
Carbon - 1,733 g.
Wt. addition Que
to sulfonation « 0,313 g.
Mustard - 0.4090 g. HC = 23.6

Sample Tims YH* Desorbed YH® Desorbed
!o. H!no j' Hth
1 30 7.7 1.88
2 60 11.6 2,83
3 150 15.6 3.81
L 210 16,1 3.93
5 270 18.2 L4
6 330 19.0 L.6
7 1320 29.8 7.3
8 1380 3.1 7.6
9 ) 30.4 7.4
10 1500 30.5 Tl
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DESORPTION OF MUSTARD FROM CARBOW
(Carbon Dipped in 20% Oleum at 260°C.)

Casbon - 1.637 g.
¥Wt. addition due
~ to sulfomation - 0,379 g.

Mustard - 0.ul89 g. H/C =« 27.5
Sample Time "H® Desorbed "H* Desorbed

No, Min, ag. uy. X
1 30 10.0 2.2
2 120 16.1 3.6
3 180 17.9 L.O
4 240 19.3 4.3
5 300 21.2 L7
6 360 22.8 5.1
7 1350 36,8 8.2
‘o 8 1410 37.5 8.3
, 9 1470 39.5 8.8

| T XIV

DESCRPTION OF MUSTARD FROM CARBON

{Carbon Dipped in 20¥ Olewm Solution; Heated to 200°C.)

Carbon « 2.0051 g. :
Mustsrd - 0.4720 g. HAC = 23.5

Semple Time TH® Desorbed TH® Dgaorbed
No. Min, ng. Wt 2
1 30 28.5 6,04
2 60 37.68 8.0
3 120 L7.6 10.1
L 150 51.3 10.9
= 180 52.4 1.1
6 240 58.3 12.4
7 270 61.2 13.0
8 300 65.7 13.9
9 320 74.8 15.9

10 360 64.3 13.8
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TABLE XV

DESORPTION OF MUSTARD FROM CARBON

(CWS Cardon Chlerinated at L0O°C.)

Carbon = 2.0133 g.

Mustard - 0.6387 g. H/C = 31.7

Time "H® Desorbed "H® Dasorbded

m &L Hto 1
30 75.0 11.75
%0 112.1 17.7
120 143.5 22,5
150 150.,1 23.5
210 161.3 %.3

1175 250,1 39.2

1205 301.7 L7.6

IARE XV
DESORPTION OF MUSTARD FROM CARBOUN
(CWS Cardon Chlorinated at L0O0°C,)

Cardbon = .2.0090 g.

Mustard - 0.5173 g. HA = 29.8

Time H" Desorded YH* Desorbed
30 37.1 7.18
90 57.5 11.1
180 85,7 16.6
210 87.4 16.9
2Lo 94,0 18.2
270 100.0 9.4
300 103.0 19.9
360 114.1 22.1
3%0 119.4 23.1
FATE T e
TR A TR
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TABLE XVII

DESORPTION OF MUSTARD FROM CARBON

(Baker "A" Material Dipped in C1HSO4)

Baker “A® . 2.1235 g.

Mustard

Sample Time

I

e ,
OO~ TN W O e

Min.

30
90
150
1125
118
1205
1305
1425
1485
1405

T

- O.Iqu) g.

XVIII

_DESORPTIOH OF MUSTARD FROM CARBON

(Activator Feed Stock Dippad in 20% Olewm Solutfon)

Activator Feed Stock - 2,026} g,

Mustard

Sample Tine

I

[

CNO Co~3 GVLE~W 1O -

Min.

30
g0
150
1120
1180
1240
1300
1420
11,80
1540

HA = 5.1
*H* Desorbed "H" Desorbed

ng. Wt. %
19.9 17.25
125,21 21.7
28.5 2L.8
57.5 L9.8
LR L7.¢
53.1 L6.0
53.4 L6.3
52.(‘ l‘s.s
5.2 Le.2
5.1 4.8

- 0.1606 g, HA = 7.93
"H¥ Desorbed WH" Desorbed
ng. it, %
17,7 9.8
21.6 i3.%
27.4L 17.1
4.8 40.3
4.0 Lo.5
1.6 18,6
66, L.k
T0.% La.¢
¢n,2 10,7
6,7 L]_,"
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. DESORPTION OF NUSTARD FROM CARBON

CWS Carbon = 2.0110 g. '
Mustard - 0.2305 g.  HA = 11.9

Sample Time "H" Desorbed YH* Desorbed
¥o Min, oL LIS
5 I 2.3 0.96
3 TS 3.1 1.3
L 105 6.1 2.5
P 135 3.7 1.6
£ 1(,5' L.7 2.0
8 225 5.9 2-;
1 1320 27.3 11.3
12 1350 28.3 11.8
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TABLE XX

P
Sy,

DESORPTION OF MUSTARD FROM C¥S CARDON

(Carbon Impregnated with M5 Ointment in Acetone Solution)

Carbon = 1.L402 g.

Mustard - 0.1602 g. H/AC = 11,1
Sampls Time "1 Desorbed "H* Desorbed
Ho. Min, Bg. dt. 2
1 30 22.8 15.2
2 S0 k0.5 25.3
3 150 g2.7 32.9
L 210 b2.9 2.8
5 1200 143.9 89.8
6 1260 147.6 92.3
7 1320 147.4 92.1
8 1350 145.7 91.0
TABRLE XXI

DESORPTION OF MUSTARD FROM CHWS CARBON

(Carbon Impregnated with MS Ointment in SO% Acetone Solution)

Carbon = 2.004L7 g.
¥g - 0.7042 g.

Nustard - 0.2787 g. H/C = 13.9
Sample Time "H" Degorbed
HO. I'Iint 5:
1 30 35.2
2 90 78.1
3 150 92.6
L 210 116.5
S 1200 22,6
3 1260 23,2
7 1320 240.0

TH® Desorbed
Wt ¥

OO DE I ) e
N~ ~3 W DN
- - L] L] - - Ll
NN OCIDO
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TABLE XXTI
DESORPTION OF MUSTARD FROM CWS CARBON

(Carbon Dipped in Genersl Electric Drifiim 81268)

Carbon « 0,913 g.
Drifilm - 1.097 g.
Hustard - 0.0810 g. HC = 9.2

Sample Time "H® Desorbed *H® Desorbed
No, Min, ng. vt. %
1 30 19.0 22.6
2 &0 22.2 26,4
3 90 26.7 31.8
N 120 29.8 5.5
5 150 31.3 37.3
6 180 33,6 39.8
7 210 36.5 L3.2
8 3630 58.9 70.0
9 1660 L7.6 56.6

10 3690 56.7 67.5

11 3750 61.4 73.2

2 3910 é1.8 73.6

13 3870 58.6 69.7
JABLE XXIII

DESORPTION OF MUSTARD FROM DOW RESIN NO, 50-x8

Resin « 2.0L67 g.
Mustard - 0,7159 g. H/R = 35.0

Sample Time "H" Desorbed ¥H* Degorbed
No. Min, ng. ut., %
1 30 7.3 1.0
2 60 9.3 1.3
3 90 12.3 1.7
L 120 1.1 2.0
S 150 16.L 2.3
61 180 19.0 2.7
7 2580 82.1 11.4
8 2625 85.3 12.0
9 2655 79.6 11.0

1
Agitation storped for 4O houss

N ‘. L mge
PO ‘f, ‘i‘g
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' TABLE XXIV
DESORPTION OF NUSTARD FROM DOW RESIN NO. 50=x8

Resin - 2.0312 g.
Mustard - 0.2071 g. H/R = 10.2

Py
[ ]

Time "H* Desorbed *H® Desorbed
Min, ng. wt. &
30 4.0 1.9
%0 7.1 3.4
150 .5 9.6
210 16,1 7.8
12C0 LL.o 21.3
1320 LbL.1 21.3
1380 .7 2L.1
1410 47.€ 23.0
TABLE XXV

Molecular Sieve = 2.0996 g.

1

Mustard - 0.4171 gq. H/R = 15.9
le Time “H® Desorbed "H* Dgsordbed
. Min. ng. wWt, %

30 3.3 5.6
&0 27.1 &.°
150 2L.s 5.5
180 25 L4 7 (\ . 2
240 25.8 6.2
300 27.1 6.5
& 28,2 £.8

1380 31.8 7.6

1440 31.L 7.8

1500 31.2 7.5

OO W= N ALW N - g
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TABLE XXVI
DESQRPTION OF MUSTARD FROM ION EXCHANGE RESIN
(IR120 « NaCl Washad)

Resfn - 2.0467 3.

Sample Tine YH* Desorbed "H* Desorbed
Eo, Min. Ag. wt. %
1 30 0.22 0.09
2l &0 0.26 0.11
3 120 0.23 0.10
L 150 0.32 0.13
5 180 0.16 - 0.07
6 210 0.35 0.15

TABLE XXVII

d
JESORPTION OF MUSTARD FROM C¥S CARBON

Carbon - 2.0073 g.
Mustard - 0,7835 g.
Hzo - bm .1-

Sazple Time §"H" & "TDG") Desorbed *H¥ Descrbed
No. M{n. Coulometric Deter.) (DB3)
S —_— —nicrogran/ml, aicrogreaal
1 10 100 3.5
2 20 125 4.0
3 30 164.5 3.0
L Lo 175 5.0
5 50 1875 7.0
é 60 21¢% 1.0
7 o) 224 £.0
8 80 230 7.0
9 5.0

90 2bl

1
Pravious run abandoned due to sampling intervals being too large.
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TABLE XXVIII
HYDROLYSIS OF MUSTARD EY DB3 DETERMINATION

(0.3317 gu./S mi. Acetone/1000 ml. H,0 = 3 ml. Allquot)

NoooNooOoNnw

Tine
Min, Optical Density MCG/3 Bl MOG/m}.
S 0.818 172 57.
10 0.5L0 113 g1,
15 0.3683 80 26.
20 0.255 gl 18
st © 0,217 LS 15
30 0.339 71 "2k,
kL 0.228 L8 156,
Ls 0.17 3¢ 12.
55 0.116 24 8,
&0 0.095 20 é.
€& 0.088 18.5 o
70 0.106 22 7.
75 0.092 19 6.
8s 0,066 1L L
% 00%5 13 -S hc
105 0.068 1L.5 k.
120 0.066 ik 4.

-
) O =g -\ N
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TABLE XXIX
" DETERMINATION OF MUSTARD CONTENT

.}
VARIOUS SAMPLES
C1” Amalysis Sulfur Welght Pickup
Saaple g."H"/g. Sesple Apmlysis g9."H"/g. Sasple
(1) Resin IR«120 0.0133 g. ! 0.118 g.
(2) Resin IR=120 "0.0211 g. 0.139 g.
(3) CWS Carben 0.148 g. 0.1L7 g. 0.22L g.
() CWS Carbon 0.369 g. 0.347 g. 0.35 g.

(Micronised)

Samples (1), (2), and (3) - Adsorption conducted over mustard {n a desiccator
o sevacuated by water aspirator.

Sample (L) - Adsorption conducted over mustard and silica gel
in a desiccator evasuated by vacwm pump.
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DISCUSSION:

ASC Whetlerite:

Since drying materfal, aged at 80°C., 2L hours at 80% RH (RT), was reactivated
by essentimlly the seme mmount by drying at 150°C., 105°C. and RT with 28% RH
aiz, ons would conclude that this reveraible affect {s due to 2 physical,
rather than a cheaioal, pheromena. At least the activation energy must be
quite low. Since chromate {p spparently harder to lesch (this is based en
the reasoning that it {s very diff{cult to oxidige lover forme of Cr fon to
Cr*¢) the first thought is that some kind of pore plugging results. This
BAy or mmy not bs dus to formation of small amounts of hydruted Cr*3 icn.
Intermediate drying destroys the crust or gel allowing better penetration.
Room temperstuce drving iz not very effactive on Cr*3 hydrates and consider-
abls doubt i{s thrown on this explaration. Pcrecipitation of salts soluble

at high temperature and insoluble at low, aight offer an explanation. This
effect would be much laess dependent on the time at the high temperature,

The permanent ageing which we will label as due to Cr*® reduction {3 {n

part proportiontl ¢o the revsrsible ageing and & combinpation of the above
effects might be responsible,

The effect of CO, ageing even at room temperature is very pronounced and
{s not as reversible (at least after high tempersture ageing). We shall
invsgtigate this further.

Hu!EaEQ:K

While the IR«120 cation exchange resin still holds mustard apparently
{rreversibly, it has been establ{shed that mustard pickeup {9 consicderabiy
lower than previously thought go the results are not of direct practicei
value,

Attempted sulforation of activated carbon gave rather peculiar results,
Tests on ion exchange capacity will be run to determine an explanation of
the apparent maxims effect on sulfonating at 200 or 250°C. Initial mustard
desorption rates are the same which may be due to stoichiometric sffects
(l.e,, too high an "H" to SO;H), As it stands we have not got any good
leads to producing {rreversible adsorption of "H",

Attempts at analyring for mustard as such {n water by DB3 coleimetric analysis
gave 1{ttls of value except that ¥H" was never present {n ressonable qumntities.
For this reason a series of calculations were made to predict "H" buildeup.

It vas fourd that log Co vs. 1/T plots were siraight lines {f a Co value

were picked as that possible to desorbd by extrapolation of the desorption
curveg., In order to simpli{fy this somewhat,all the dasorptions were assumed
first order and half lives wvere picked to be 1/2 the amsumed C¢ (cuncentration
of H desorbed at fin{te times at the end of the desorption curve, usually

3000 minutes or more),

Thus

Carbon - (CI1C,H,),S ._IS..»_._? (C1C;H,)»S aqueous = H,0 Loy (HOC§§4)aS
+ 241
Ky = 0,69 and K, = Gl
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The equmtion as developed by Glasstone and others for the maximum concentra-
tion of B {n A B -—2C {n consecutive first order reactions is:

¥
o m.-A(K)h—
B (K‘b 152

and for the time at maximum CB

t max, = In K]/Ki
K=K,

where A = Co or {initial concentration of A
‘o further simplify the calculations, K; was calculated for a series of half
lives from 50 minutes to 1000 minutes. In generul, half liveswrs of the
order of OO minutes asswaing Co o A asoabove,
TABLE XXX

CALCULATIONS FOR MAXIMUM MUSTARD COMCENTRATION

Nomina! H/C wsed CoorA t 1/2 t max. C "H* (max.)

i

Adsorbent Systen HE in % forCo% mg./1, min, min, 1.
CWS Carbon ! 31 6.8 670 750 L7 5.5
CWS Carbon ' 27.4 6.9 336 550 18 3.4
CWS Carbon 25 8.0 205 500 L 2.1
C¥S Carbon micropulverige. 22 S.l 250 450 L3 2.9
CWS Carbon micropulverized 21.4 . 5.3 268 L20 L2 3.2
CWS Carbon H, treatment LOO® 28.7 L.6 213 340 Lo 2,9
CWS Carton 10% Acetic Acld 14 3.5 87 1000 50 0.6
CWS Carbon 10% HC1 19.4 1.3 65 500 L .7
C Carbon 10% HNOy 17.7 bt 205 37% L1 2.5
C Carbon + Ferric Oxalate . 36.8 12,5 508 2LO 37 12
C Carbon + NHNO, k0.2 17.5 850 270 38 17
ASC Whetlerite L2 20 1000 70 27 77
s10, 10 in 200 135 10 1z
CYS Carbon 54 25 1238 70 26 103

The numbers in the above are obviouwsly spproximations at best and may even

be miglending. They do show the difficulty {n using mny chemical method for
deteraining mustard concentration in the water laver varticularly when the

DRI method is not sensitive below 10 mg./liter. Since it i{¢ not known what
concentrations are toxie tc the skin and vhether there {s a threshold concene
tration, onc hesitates to draw any conclusions. It is also true that {n cases
such as the sulfonated CWS carbone, ths initial rate of desorption {8 cengider-
2bly higher thin later on and the remction Is not first order, except over a

DETTOW range.
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